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长温度大于 250 ℃时开始出现稳定的阻变特性；生长温度大于 300 ℃时器件的
SET、RESET 过程一致性退化。其中，275 ℃生长的 HfO2薄膜表现出优良的一
致性和耐受性，所以该温度是阻变特性 HfO2的最佳生长温度。 
2、设计并制作了一种新型 1D1R 阻变器件，表征了该器件的阻变特性。器
件以肖特基二极管和阻变单元串联形成 1D1R 结构，将金属 Ti 层作为连接二极
管和阻变单元的公共电极，金属 Ti 层一方面与 Si 衬底接触形成肖特基二极管，
二极管反向饱和电流作为保护阻变器件的限制电流，另一方面作为 HfO2阻变存
储器下电极，增强器件的阻变特性。这种 Pt/HfO2/Ti/n-Si(001)结构的 1D1R 阻变
单元器件表现出双极性、自限制的阻变特性。测试结果表明该器件具有良好的一
致性和数据保持特性。器件 Forming电压为-4.04 V，经历 68个电压循环扫描后
器件的阻变特性依然很稳定，高低阻态都各自分布在一个数量级之内，高低阻之
比为 103，SET 电压集中分布在-1.2 V到-1.8 V范围内，RESET 电压分布在 0.9 V
到 1.25 V的范围。同时，以上 SET 电压、RESET 电压、高/低阻态电阻等参数在
同批次器件之间也表现出优良的一致性。在 85 ℃环境下经历 104 s的测试，器件
能够保持原来的阻态，表现出非易失性的数据存储特性。 















围内，随着温度的降低，SET 和 RESET 的电压有所增大。由于串联二极管反向
电流的限制作用，器件在小于 245 K 的温度条件下无法实现 SET 操作。因此，




















With the development of the information sciences and microelectronics, the flash 
memory has become the mainstream of nonvolatile memories in the market. As the 
device scaling down, problems such as floating gate coupling, charge leakage, and 
crosstalk between memory cells become more and more serious, so that developing 
novel memory cell with smaller size, lower power consumption and with higher 
integration has become an inevitable trend. In the state-of-art nonvolatile memories, 
resistive random access memory (RRAM) is considered to be the most promising 
candidate for the next-generation nonvolatile memory devices, due to its simple 
structure, fast switching, high density, low operation voltage, and complementary 
metal–oxide–semiconductor (CMOS) compatibility. In this paper，resistive switching 
properties of HfO2 film fabricated at different atomic layer deposition (ALD) 
temperatures are studied and the optimal process temperature is explored. Moreover, a 
novel RRAM device with one-diode-one-resistor (1D1R) structure is designed. We 
illustrate the design and elaborate the fabrication process of the device. Resistive 
switching properties are measured and the working mechanisms are analyzed. 
Meanwhile, we study the low-temperature electrical characteristics and the working 
temperature range of the 1D1R RRAM device. The main work is summarized as 
followed: 
1. Resistive switching properties of HfO2 film fabricated at different atomic layer 
deposition temperatures are studied. The devices with Al/HfO2/Pt structure perform 
unipolar resistive switching characteristic. When the ALD growth temperatures are 
less than 200 ºC, no resistive switching phenomenon is observed. Stable resistive 
switching behavior occurs at the ALD temperature beyond 250 ºC. But the uniformity 
and stability of the RESET and SET processes of the device degenerate when the 
growth temperatures are over 300 ºC. As judged by the resistive switching 
performance of the device, 275 ºC is regarded as the optimized ALD fabrication 
temperature. 















are studied. The 1D1R RRAM device consists of a Schottky diode and a resistive 
switching cell. As an common electrode for the resistive switching cell and the 
Schottky diode, the metal Ti layer connects to the n-Si(001) to forming a Schottky 
diode which provide the compliance current for the resistive switching cells. On the 
other hand, the Ti improves the resistive switching properties of the HfO2 film. The 
Pt/HfO2/Ti/n-Si(001)/Al 1D1R device shows bipolar resistive switching behavior and 
self-compliance property. In the 68 switching cycles after electroforming at −4.04 V, 
the RESET voltage varies between 0.90 and 1.25 V and the SET occurs in the range 
from −1.8 to −1.2 V. The resistances of high resistance state (HRS) and low resistance 
state (LRS) distribute at an order of magnitude respectively. The resistance ratio of 
10
3
 between HRS and LRS indicates excellent uniformity of the resistive switching 
property. The properties above show high uniformity as well for different devices 
form one die. Besides, the resistances of LRS and HRS maintain stable during the 10
4
 
s test at an elevated temperature of 85 ºC, illustrating the non-volatility property of the 
1D1R device. 
3. The low temperature electrical characteristics of the 1D1R device are studied. 
With decreasing of the temperature in the range from 290 to 250 K, the voltages of 
SET and RESET increase slightly. The device fail to complete the RESET/SET loop 
below 245 K because the limit of the reverse saturation current of series diode, the 
working temperature range is then determined to be from 250 K to room temperature. 
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早在 1962年，T. W. Hickmott在研究Al/Al2O3/Al结构器件的电学特性时发现，
器件在电场作用下表现出电阻回滞现象，即电致负电阻效应[1]。由此开始了阻变
现象和阻变材料的研究。1967 年，J. G. Simmons 和 R. R Verderber 发现了
Au/SiO/Al 结构的电阻转变行为[2]。到了 20 世纪 90 年代，A. Asamitsu、M. N. 
Kozicki、A. Beck等人对阻变现象做了大量的研究[3, 4, 5]。2000年美国休斯敦大学
的 A. Ignatiev研究小组报道了 Pr0.7Ca0.3MnO3（PCMO）薄膜的电阻特性
[6]，将阻
变存储器的研究推向高潮，引起各大半导体公司和科研机构的关注[7]。 
阻变存储器（Resistive random access memory，简称 RRAM）主要由金属/绝
缘体/金属三层结构组成，在不同外加电压作用下，绝缘层电阻可以实现高阻态
























现电阻高低阻态的转变，SET 和 RESET 过程发生在同一偏压极性，驱动电阻发
生转变的是电压大小的不同。 
 




偏压极性的改变才能实现电阻高、低阻态之间的转变，SET 和 RESET 过程发生
在不同的电压极性。 
需要注意的是，如果第一次 SET 电压比后续的 SET 电压大很多，为了与之后
的 SET 过程有所区别，定义第一次 SET 过程为“Forming过程”，与之对应的是
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